[Abstract] This protocol describes the use of the 2,3,5-triphenyl-2H-tetrazolium chloride (TTC) salt to evaluate the cell redox potential of rhizobia cells. The production of brightly colored and insoluble 1,3,5-Triphenyltetrazolium formazan arising from TTC reduction is irreversible and can be easily quantified using a spectrophotometer. This protocol allows the production of reproducible results in a relatively [Background] The TTC salt is a water-soluble and colorless compound that can be reduced to formazan, a highly colored compound. The irreversible formation of formazan can be quantified using a spectrophotometer. Owing to its property and its low reduction potential, this tetrazolium salt is widely used in both eukaryotes and prokaryotes as an indicator of cell redox activity, viability, drug susceptibility and substrate utilization assays (Byth et al., 2001; Hayashi et al., 2003; Raut et al., 2008; Lin et al., 2008) . The net positive charge on tetrazolium salts facilitates cellular uptake due to the membrane potential, allowing their intracellular reduction (Berridge et al., 2005) . In prokaryotes, the main studies of TTC reduction have concerned the Gram-negative respiring bacterium Escherichia coli, while only a few studies have been reported for members of the Rhizobiacea family. In this protocol, one of the best genetically characterized members of this family, the S. meliloti 1021 rhizobium strain, was used. The respiratory activity, expression of cytochrome terminal oxidases, of this strain was analysed using TTC as an indicator of cell redox potential.
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To enable the development of a measurable color intensity and, at the same time, to avoid any possible inhibition of bacterial growth, the bacteria were incubated in the presence of TTC for an appropriate period of time compared to those described by other authors (Tengerdy et 2. Aliquots of the cultures (0.15 ml) were transferred into 50-ml conical centrifuge tubes containing 15 ml of fresh TYR medium (OD600 = 0.2) and the optical density measured at 600 nm using a spectrophotometer and cuvettes for spectrophotometry application in the visible spectrum.
www.bio-protocol.org/e2115 3. When the cultures reach the exponential growth phase (OD600 = 0.7), which requires about 4 h of incubation, stop the growth and split the cultures in 10 ml for biomass evaluation and 1.5 ml for TTC reduction measurement.
B. TTC assay 1. Centrifuge the 10 ml bacterial cultures in 15-ml polypropylene round-bottom at 5,000 x g for 20 min (at room temperature) and discard the supernatant.
2. Incubate the cells at 65 °C in an oven for 4 h until dryness and weigh the cells with a balance.
3. Centrifuge the 1.5 ml bacterial cultures in 2-ml Eppendorf tubes at 8,000 x g for 5 min (at room temperature) and discard the supernatant.
4. Wash the bacteria with 1 ml of 50 mM sodium phosphate buffer (pH 7.5), centrifuge at 8,000 x g for 5 min (at room temperature) and discard the supernatant. 10. Read the absorbance of the samples (supernatants) and formazan standards at 510 nm using a spectrophotometer. Use the 99.5 % DMSO as blank control.
11. Plot the calibration curve of the formazan standards (mg/ml) against the absorbance of the solutions at 510 nm.
12. Determinate the amount of formazan produced from reactions with the bacterial cells directly from the formazan calibration curve.
13. Normalize the data to cell biomass (g) corresponding to 1.5 ml bacterial cells and determine the amount of formazan produced per g cells.
Data analysis
1. Perform at least five biological replicates, each conducted at different times.
2. An example of the excel Formazan standard curve is described in Table 1. 3. The readings of some experimental samples and the amount of formazan they produced are reported in Table 2 and Table 3. www.bio-protocol.org/e2115 Optical densities were determined using a spectrophotometer and data were plotted as shown in Figure 3 . The amount of formazan reported in this table was calculated by interpolating the standard solution points reported in Table 1 and elaborated in Figure 1 .
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